The main goal of this paper is to acquire more insight into the relationship between wall and piston impingement of liquid fuel and unburnt hydrocarbon emissions (UHC) emissions, under early direct injection (EDI) premixed charge compression ignition (PCCI) operating conditions. To this end, the vaporization process is modeled for various operating conditions using a commercial CFD code (StarCD). Predicted values for liquid core penetration, or liquid length LL , have been successfully checked against experimental data from literature over a wide range of operating conditions. Next, the correlation between the CFD results for wall and piston impingement and measured UHC emissions is studied. The diesel fuel used in the experiments is modeled as n-dodecane and n-heptadecane, representing the low and high end of the diesel boiling range, respectively. A distinction is made between liquid spray impingement on the piston surface and cylinder liner. For a conventional DI diesel nozzle, the high UHC emissions in the EDI PCCI regime correlate well with modeled cylinder wall impingement. Conversely, piston impingement is negligible in this regime. Accordingly, it may be assumed that the primary cause for high UHC emissions in the EDI PCCI regime, using conventional DI nozzles, is caused by liquid spray impingement against the cylinder liner. In this regime it was found that a higher intake and fuel temperature, as well as an elevated intake pressure have a positive effect on both UHC emissions and the spray impingement against the cylinder wall. This provides additional evidence that the two parameters (i.e. UHC and wall impingement) are linked. Lastly, the impact of nozzle cone angle is investigated. When adopting a narrow cone angle nozzle in the EDI PCCI regime, wall impingement is negligible and piston wetting becomes the dominant source of UHC emissions.
INTRODUCTION
Combustion in compression ignition engines is highly efficient, but unfortunately results in soot emissions. By allowing a (partially) premixed bulk charge to auto-ignite rather than several poorly mixed spray cones, as is conventionally the case, the soot formation process can be substantially suppressed [1, 2, 3] . This former combustion concept, referred to as Premixed Charge Compression Ignition (PCCI), is characterized by a separation in time of the fuel injection and heat-release events. In practice this entails prolonging the ignition delay, which can be realized via various methods. For example, one can inject a less reactive fuel with a lower Cetane Number [4, 5, 6] or inject the fuel relatively late (i.e. near or slightly after top-dead-center) in the cycle, thereby exploiting the cooling effect of the expansion stroke (mostly in combination with high levels of EGR and or lower compression ratio). A third approach under investigation involves a relatively early (i.e. at roughly twothirds of the compression stroke) fuel injection. At such early direct injection (EDI) timings, the gas temperatures and pressures are typically too low to support auto-ignition, but ideally do facilitate fuel vaporization. Unfortunately, complete vaporization is often not possible [1, 7, 8] , resulting in impingement of liquid fuel on the cylinder liner (wallwetting) and/or piston surface (piston-wetting). Wetting, in turn, is known to lead to reduced fuel economy, lubricant oil dilution and high emissions of unburnt hydrocarbons (UHC) [8] .
The main goal of this paper is to acquire more insight into the relationship between wall and piston impingement of liquid
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fuel and UHC emissions under early direct injection (EDI) premixed charge compression ignition (PCCI) operating conditions. To this end, the vaporization process is modeled for various operating conditions using a commercial CFD code (StarCD) . Predicted values for liquid core penetration LL are successfully checked against experimental data from literature over a wide range of operating conditions. Next, the correlation between the CFD results and measured UHC emissions is studied. The diesel fuel used in the experiments is modeled by n-dodecane and n-heptadecane, representing the low and high end of the diesel boiling curve, respectively. Furthermore, a distinction is made between liquid spray impingement on the piston surface and cylinder liner.
BACKGROUND
Earlier work [8, 9] has shown that under EDI PCCI conditions the emissions of UHC are unacceptably high. Accordingly, a number of parameters, listed below, were optimized on a dedicated DAF heavy-duty diesel engine in an attempt to reduce UHC emissions.
• Start of injection (SOI)
• Intake temperature (T in )
• (Injector nozzle) cone angle (θ) The working hypothesis behind this optimization was that UHC emissions result primarily from wall-wetting and so the operating conditions should be made more conducive for fuel evaporation (e.g. higher T in , p in , p f and T f ). While engine results [8] clearly demonstrated that all investigated strategies yield considerably lower UHC emissions, it was unclear how these results correlated with actual spray behavior. A semiempirical engineering correlation [10] was used to predict the effect of the various measures on the so-called liquid length (LL, i.e. penetration of the liquid core of the fuel jet). Although this (0D) model clearly demonstrated [8] that in most cases a reduction in measured UHC emissions coincided with a shorter predicted LL, it remained unclear which fraction of the injected diesel fuel mass collides with what part of the combustion chamber periphery (piston and/or wall). To arrive at a better understanding of the spray evolution and interaction with the wall, a 3D model of the injection process was implemented in a commercial CFD code (StarCD), to be discussed in the following section.
MODELLING

FUEL SELECTION
As diesel fuel is a mixture of thousands of different chemical compounds, so-called surrogate fuels are used in the modeling process to capture generic physical behavior of a multi-component fuel. Two single component fuels are selected, with boiling points corresponding to the 5%-(ndodecane) and 90%-(n-heptadecane) boiling point of commercial diesel fuel. Requisite fuel properties are retrieved from the DIPPR database [11] . Effectively, a lower and upper limit for fuel volatility effects on diesel impingement can be predicted via this approach.
(See Figure 1 after last section of paper)
To clarify this statement, a schematic example of two different mixtures of n-dodecane and n-heptadecane is presented in figure 1 . Here, the fraction of fuel which is in the liquid state is plotted against the axial distance a in the spray, where fuel is injected from left to right. If the spray is modeled as droplets, they have to be heated before they can be vaporized. Due to the presence of n-heptadecane in both cases, the LL will most likely be similar as it is found that the higher boiling point component is controlling the LL [12] . The liquid fuel fraction that reaches the cylinder or piston surface at distance a, however, will differ significantly due to the different fuel composition. Accordingly, when the fuel is a mixture of compounds with varying boiling points, the actual amount of liquid fuel impingement is no longer directly related to LL. The inability to predict the fraction of liquid diesel fuel that impinges with the piston and/or wall surface is a major drawback of LL models. In a later section, which treats the utilized CFD model, it will be explained how this drawback is addressed.
ENGINE AND NOZZLE SPECIFICATIONS
The CFD results will be compared with measured engine data from an earlier study [8] . Engine and nozzle data can be found in Tables 1 and 2 . 
OPERATING CONDITIONS
The investigated strategies with their respective variation, corresponding to the bold values in table 3, are itemized below. Note that the fueling level (approx. 0.5 g/s or 4 bar IMEP) was kept constant during each variation. More details can be found in reference [8] .
• SOI sweep from −5 to −60 °CA aTDC (table 3: cases 1-7)
• increase in T in from 303 to 353 K (8-9).
• increase in p in from 1.0 to 2.0 bar (absolute) (10-11).
• increase in p f from roughly 800 to 1500 bar (12-13).
• increase in T f from 303 to 373 K (14-15).
• narrower cone angle θ of 100° instead of 150° (16) (17) (18) . (See Table 3 after last section of paper)
CFD MODEL
The CFD code used in this study is Star-CD. A moving computational mesh is created, that represents a 1/7th (for each of the 7 nozzle holes) slice of the combustion chamber, to limit the amount of cells and consequently keeping computational times as small as possible. Intake-and exhaust manifolds and moving valves are not explicitly modeled, significantly reducing the complexity of the mesh. As the piston moves up and compresses air, fuel is injected at different points in time, according to the injection timing used in the experiments.
Figure 2. CFD mesh
The turbulent gas flow is based on an Eulerian description of the gas phase. Turbulence is modeled by means of a standard k-ε model [13] , suitable for fully isotropic turbulent flows. The droplets are modeled in a Lagrangian framework. The interaction between the continuous and the dispersed phase is described by source terms for the exchange of heat, momentum and mass.
When fuel is injected through an injector, the fluid reaches a certain velocity creating a turbulent spray. To model the phenomena which occur inside the nozzle, the modified MaxPlanck-Institut (MPI) nozzle model [14] has been applied. This model recognizes the creation of a cavitation region inside the nozzle and distinguishes three flow regimes in the nozzle hole. These three regimes are a non-cavitating flow, a cavitating flow where cavitation ends inside the nozzle and a cavitating flow where cavitation reaches the downstream end of the nozzle. These regimes depend on the pressure in the chamber relative to the critical pressure in the chamber at which cavitation commences, based on mass and momentum conservation equations.
After flowing through the injector, the liquid fuel jet exits the nozzle and breaks up. To describe primary and secondary break-up, the Reitz-Diwakar model [15] is applied. Depending on the ratio of inertial and surface forces (Weber number), breakup will occur in a certain mode and the model calculates a decrease in droplet diameter in time, depending on the timescale corresponding to the mode of droplet breakup.
Given the high droplet densities and velocity differences inside the spray, inter-droplet collisions can occur. Depending on the conditions, collisions can result in droplet separation, coalescence or bouncing. In the CFD model, these modes are described by the collision model of O'Rourke [16] . Here, the droplets are assumed to be uniformly distributed throughout the cell and the probability of a collision is calculated using a Poisson distribution. If a collision occurs, the type of collision is determined using dimensionless numbers based on droplet velocities, diameter and physical properties [16] .
When droplets hit a solid wall, different phenomena can occur. Examples are sticking, rebounding or splashing. In Star CD, it is possible to predict these different modes of wall interaction using the Bai [17] impingement model. In [18] , three different wall impingement models have been reviewed. These models, the Bai model included, have been implemented into a KIVA-3V code and validated by experimental data from recent literature. From this research, it has been concluded that all three models should be further improved for the simulation of spray-wall interaction under EDI PCCI conditions. Main cause for the poor accuracy of the models is that they are derived from experiments performed under atmospheric conditions by injecting a single water drop onto a flat wall. These conditions are obviously not representative for in-cylinder conditions in the EDI PCCI regime. Therefore, in the present study, it has been decided not to use this model, but rather to model droplet-wall interaction via perfectly bouncing droplets. In that case, if a droplets hits a wall, its velocity-vector is reversed and the droplet returns with the same velocity magnitude. The change in vector-sign makes it possible to detect all liquid fuel impinging on either the cylinder wall or piston surface.
Combustion will certainly influence the evaporation behavior as well, as the increasing temperature causes more fuel to evaporate. Considering that the injection and combustion event are by definition decoupled in time in the (EDI) PCCI combustion regime, no combustion model is used in this work to analyze spray vaporization and impingement process.
VALIDATION
In order to perform a preliminary check of the CFD model, modeled LL values are compared to experimental data from literature [19, 20, 21] , obtained for vaporizing sprays over a wide range of fuels and operating conditions ( figure 3(a) ). A similar procedure is executed for the semi-empirical engineering correlation discussed earlier ( figure 3(b) ).
Accordingly, the performance of both correlations can be evaluated. Considering experimental values, it is clear from the literature [19, 20, 21] that there is no unambiguous method to define the liquid penetration based on the recorded MIE scattering. In part this is caused by the fact that, towards the end of the liquid core, a spray tends to break up into clusters of droplets, shedding of discrete droplet clouds prior to fully evaporating [20] . In reference [19] , an approach is proposed in which analysis of the Mie-scattered light images involves determining the maximum axial distance in the spray where the light intensity is above a threshold, equal to 3% of the light intensity range measurable with the camera [12] . It is stressed, however, that many definitions are found in literature, none of which are fully proven and therefore all reported LL values should be interpreted carefully.
To be able to determine the liquid length from the CFD model objectively, a suitable droplet post-processing method had to be developed. In the experimental Mie approach, the scattered intensity is a function of the product of the number of droplets and the square of the droplet diameter. Accordingly, the value of this same product is used to evaluate the LL in the CFD model. More specifically, the position of the LL is defined as the point on the spray axis where the derivative of the aforementioned product is at its minimum, or in other words, where the drop in "predicted intensity" is at its maximum. In literature [20, 21] , analogous approaches are utilized with respect to recorded scattering intensity.
From the validation it becomes clear that both models perform reasonably well for the investigated cases. For
reasons not yet well understood, however, there is some indication that at higher LL values the CFD model tends to under-predict the LL. Furthermore, it is stressed that, although the models have been validated for a wide range of operating conditions and fuels, no experimental LL data could be found for relevant EDI PCCI operating conditions (i.e. for gas temperatures below 600 K). From in-house experience in this field it was found that at such low temperatures, the liquid core is no longer distinct, but segmented (likely resulting from internal spray dynamics such as vortex shedding [22] ) and signal-to-noise ratios become unacceptably low [23] .
Under conventional (non-premixed) diesel combustion, the combustion process will certainly influence the evaporation behavior as well, as the increasing temperature causes more fuel to evaporate. However, in the EDI PCCI combustion, since injection and combustion events are decoupled in time, the expected effect of combustion on vaporization is much less significant. Therefore, no combustion model is used in this work to analyze spray vaporization and impingement process.
RESULTS AND DISCUSSION
LIQUID FUEL IMPINGEMENT
As illustrated in the figures below, two types of fuel impingement can be discerned: piston-(figure 4a)-and wall-(figure 4b) impingement. Impingement against the cylinder head does not occur with the utilized injector setup and will therefore not be discussed. In the schematic cross-section of the piston and cylinder geometry drawn in figure 5 , the non-constant distance s defines the distance between piston and cylinder head. a is a constant value determining the axial distance between the injector and the cylinder wall and b is the distance between this point on the cylinder wall and the cylinder head. In figure 6 , the relative impingement of fuel, as calculated with the CFD model, is plotted as a function of SOI. The relative impingement is defined as the ratio between the liquid fuel mass impinging on a surface and the total injected fuel mass during one cycle in one cylinder. The results are plotted for both n-dodecane and n-heptadecane, indicating predicted minimum and maximum levels of impingement respectively. As a result, the areas encapsulated by the solid (n-dodecane) and dashed (n-heptadecane) lines in figure 6 represent more or less the entire boiling range of commercial diesel fuel. A distinction is made between piston-(O) and wall-(♦) wetting.
Figure 6. Relative impingement as a function of SOI (cases 1 thru 7 in table 3). C12Wall-and Solid and dashed lines
As the SOI is advanced, the amount of mass impinging on both the cylinder wall and piston increases, most likely due to the decreased in-cylinder temperature and pressure. Wall impingement, however, only occurs at timings earlier than −30 °CA aTDC. This is likely caused by geometrical effects. In the range −30 °CA aTDC to 30 °CA aTDC, the distance s between piston and cylinder head is smaller than b and fuel is injected onto the piston (bowl) instead of the cylinder wall.
Between an SOI of −30 and −40 °CA aTDC, the distance s has approximately become the same size as distance b, so that fuel is injected on both the piston and wall. Accordingly, both wall-and piston impingement is observed in figure 6 . At even earlier timings, the distance s becomes larger than b and piston impingement eventually no longer occurs. Finally, delaying SOI further than −10 °CA aTDC leads to increased piston impingement once again, because of the piston proximity to the injector coupled with the falling of incylinder temperature and pressure as the piston is already moving down during injection.
These results suggest that, when using a conventional cone angle nozzle in the EDI PCCI regime, UHC emissions arising from liquid fuel impingement will be caused by primarily wall-wetting.
SOURCES OF UHC EMISSIONS Impingement
In figure 7 , the measured UHC emissions [8] are plotted as a function of the calculated impinged mass (from figure 6) against the cylinder wall (♦) and piston (O). Once again, the modeled results are presented for both n-dodecane (-) and nheptadecane (-). When this figure is considered, there seems to be a good correlation, especially at higher UHC emission levels, between the amount of modeled wall-impingement and measured UHC emissions.
Moreover, at timings of −30 °CA aTDC and later, a significant amount of predicted piston wetting notwithstanding, measured UHC emissions drop to near-zero levels as is common for conventional DI diesel operating conditions. These results, in-line with the work of others [24, 25] , suggests that liquid fuel impingement against the cylinder wall is the main source of UHC emissions under EDI PCCI operating conditions and that piston impingement, while predicted by the CFD model, does not appear to contribute to engine out UHC emissions. It is stressed that the above pertains to conventional cone angle nozzles and conventional DI injection timings. Other potential sources
Apart from wall-wetting, other sources of UHC emissions under EDI PCCI (i.e. low temperature) operating conditions can be found in the literature [26, 27, 28, 29] :
• Under-mixing: under-mixing can occur as a result of poor mixing rates during the fuel injection process at the tail of the combustion process [28] or due to fuel dripping from the nozzle sac after the EOI [27] .
• Over-mixing: over-mixing may arise when, after the EOI, mixtures near the injector become too lean to facilitate auto- ignition [26] or due to turbulent diffusion during the ignition delay [27] .
• Quenching zones: quenching of the oxidation reaction can occur due to either excessively low temperature zones and/or significant variations in the local equivalence ratio [29] . This is especially the case in crevices between the piston and cylinder wall.
Unfortunately, without optical in-cylinder measurements it is difficult to assess which of, and to what degree, the above phenomena might also contribute to the measured UHC emissions. Nonetheless, a correlation over a wide range of injection timings has been presented in the previous section between UHC emissions and wall impingement, suggesting that wall impingement at least significantly contributes to UHC emissions. Furthermore, the influence of piston impingement on UHC emissions appears to be negligible or, at most, of secondary importance.
WALL-WETTING REDUCTION STRATEGIES: ALTERNATIVE OPERATING CONDITIONS
As can be seen in figure 6 , advancing the SOI leads to an increase in wall-wetting. Wall-wetting, in turn, correlates well with UHC emissions ( figure 7) . In an attempt to curb UHC emissions, various strategies have been investigated in a previous study [8] , as discussed in the background section. In this section, experimental results (UHC emissions) are compared with CFD calculations (fraction of liquid fuel impingement on cylinder wall) in order to investigate the effectiveness of the various reduction methods. The respective operating conditions can be found in table 3, case #8 thru #15. In table 4, the reduction with respect to the baseline case, in terms of UHC emissions and wall impingement, are presented for the investigated strategies. While, the SOI was constant at −50 °CA aTDC for all EDI PCCI baseline cases, not all operating conditions could be kept constant due to technical considerations, resulting in slightly different baseline work points for the different strategies (turn to table 3 for details).
(See Table 4 after last section of paper)
The following observations can be made from table 4:
T in↑ : an increasing intake temperature leads to a comparable relative reduction in both UHC emissions and impingement. Both reductions are likely the result of a higher gas temperature during the injection process.
T f↑ : an increasing fuel temperature leads to a similar relative reduction in both UHC emissions and impingement. Both reductions could be attributable to both smaller droplets (e.g. lower surface tension) and a higher initial droplet temperature, facilitating evaporation.
p in↑ : an increasing intake pressure leads to higher relative reduction in UHC emissions than in impingement. Both reductions are expected to be the result of a higher gas density during the injection process. It is not fully clear why the reduction in impingement is comparably lower. One possibility is that the higher density also reduces UHC emissions via other mechanisms, such as reduced undermixing. This is in line with the observation that the reduction in UHC emission is larger than the reduction in wall impingement.
p f↑ : an increasing fuel pressure leads to a far higher relative reduction in UHC emissions than in calculated impingement.
The discrepancy in relative reduction in impingement and UHC observed for a higher p f requires some more discussion. Considering the role of fuel pressure on the vaporization process, the literature [10, 12] suggests that the position of the LL does not depend on p f . However, the amount of liquid fuel which reaches the LL could still depend on p f (for example via smaller droplets or a larger spray angle…). Alternatively, it is possible that an increased injection pressure would reduce UHC emissions via other mechanisms then wall impingement; this may explain that UHC emissions decrease, while wall-wetting is hardly affected by an increase in p f .
Two competing effects have to be taken into account pertaining to the liquid core penetration. On the one hand, one can expect smaller droplets, which results in a larger heat-transfer area. Conversely, the droplets are moving faster, which for a given droplet size and conditions, results in a longer traversed distance before evaporating completely. The former phenomenon in particular may not be well modeled in the CFD code, as the utilized empirical correlation for the initial droplet diameter has been developed for conventional DI diesel combustion and not yet been validated at the low gas temperatures typical for EDI PCCI combustion [15] . Therefore, more detailed (in-cylinder) spray analysis is required to adequately address this issue.
WALL-WETTING REDUCTION STRATEGIES: NARROW CONE ANGLE NOZZLE
The measures discussed in the previous section can be regarded as "operating conditions"-based, in the sense that the same hardware was used and only engine settings were varied. It is clear from To assess the relation between cone angle and spray impingement, CFD simulations are performed with the narrow cone angle for various operating conditions (table 3: case 16-18) 1 . From the CFD results it can be concluded that the impingement of liquid fuel on the cylinder wall is negligible irrespective of the SOI. This is inline with the work of others [30] , who report that wall-wetting can be suppressed significantly by narrowing the nozzle cone angle.
In figure 8 , however, in which the relative impingement on the piston surface is plotted as function of SOI for both ndodecane (-) and n-heptadecane (-), it can be seen that pistonwetting becomes an issue for the narrow cone angle nozzle, especially at EDI PCCI (earlier than −30 °CA aTDC) injection timings. Note that, contrary to the conventional cone angle nozzle (figure 7), predicted impingement against the cylinder wall is now very low (figure 8).
From table 5 becomes clear that UHC emissions are still relatively high during EDI PCCI operation, negligible wallwetting (figure 8) notwithstanding. Accordingly, it may be assumed that piston impingement could be an important source of UHC emissions in the EDI PCCI regime when a narrow cone angle is considered. (table 5) . Model results suggest that these values correspond to an average (i.e. of n-dodecane and nheptadecane) total (i.e. wall + piston) impingement fraction of approximately 46 and 33. In the case of the conventional cone angle at an SOI of −50 °CA aTDC, piston-wetting is negligible ( figure 6 ) and the aforementioned fraction can be attributed to wall-wetting. Accordingly, roughly 0.025 g/kWh UHC are measured per modeled percent of wall impingement.
For the narrow cone angle nozzle at an SOI of −50 °CA aTDC, wall-wetting is negligible ( figure 8 ) and the impingement fraction of 33 can be ascribed wholly to pistonwetting. Given the measured UHC emissions in this workpoint of 0.75 g/kWh, 0.022 g/kWh of UHC are formed per percent of modeled piston impingement.
Although this quantitative approach is subject to discussion, it illustrates that, at least in the investigated EDI PCCI workpoint, modeled wall-and piston-wetting have a comparable impact on measured UHC emissions for a given fraction of fuel impingement.
CONCLUSIONS
The main goal of this paper has been to acquire more insight into the relationship between spray evaporation and UHC emissions under EDI PCCI operating conditions. To this end, the vaporization process was modeled for various operating conditions using a commercial CFD code (StarCD). Next, the correlation between the CFD results and measured UHC emissions were studied. Predicted liquid core penetrations (LL) by CFD code have been successfully checked against experimental data from literature over a wide range of 1 Note that the intake temperature was 6o K higher for the narrow cone angle nozzle operating conditions. The diesel fuel used in the experiments was modeled by n-dodecane and n-heptadecane, representing the low and high end of the diesel boiling curve, respectively. A distinction has been made between liquid spray impingement on the piston surface and cylinder liner. From the presented results the following conclusions can be drawn:
For a conventional DI diesel nozzle, the high UHC emissions in the EDI PCCI regime correlate well with modeled cylinder wall impingement. Piston impingement is far lower in magnitude under these conditions and eventually becomes negligible as the piston is positioned further down from TDC at earlier EDI PCCI injection timings (i.e. at −50 °CA aTDC and earlier). Accordingly, it may be assumed that the primary cause for high UHC emissions in the EDI PCCI regime using conventional DI nozzles is liquid fuel impingement against the cylinder wall.
The positive effect of a higher intake and fuel temperature, as well as elevated intake pressure, on UHC emissions in the EDI PCCI regime [8] is also observed for the spray impingement against the cylinder wall, providing additional evidence that the two parameters (i.e. UHC and wall impingement) are linked.
Both experimental (UHC emissions) and modeling (impingement) results suggest that thermal measures (fueland intake temperature) are more promising than pressurerelated measures (intake-and fuel pressure) with respect to limiting wall-wetting in the EDI PCCI regime.
A higher fuel pressure, though effective at reducing the UHC emissions in the EDI PCCI regime, does not lead to a reduction in wall impingement. Either one or more phenomena -most likely initial droplet formation/size -are not well captured by the model or other (mixing) effects play a role. Alternatively, other mechanisms may be at work that reduce UHC emissions via injection pressure, leaving wall impingement unaffected. More research is required to arrive at a satisfactory explanation.
For a narrow cone angle nozzle, the UHC emissions in the EDI PCCI regime are still relatively high. UHC emission correlate well with modeled piston impingement, while wallwetting is now negligible irrespective of injection timing. Accordingly, the model results suggest that the primary cause for UHC emissions in the EDI PCCI regime using narrow cone nozzles is liquid spray impingement against the piston.
Combining model results with measurement data from an earlier study suggest that, for a typical EDI PCCI injection timing of −50 °CA aTDC, wall-and piston-wetting have a similar impact on UHC emissions per percent of impinged fuel. More detailed modeling of the impingement process is currently subject of research. The Engineering Meetings Board has approved this paper for publication. It has successfully completed SAE's peer review process under the supervision of the session organizer. This process requires a minimum of three (3) reviews by industry experts.
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